National Surgical Adjuvant Breast and Bowel Project (NSABP) Protocol B-18 was initiated in 1988 to determine whether four cycles of doxorubicin/cyclophosphamide given preoperatively improve survival and disease-free survival (DFS) when compared with the same chemotherapy given postoperatively. Secondary aims included the evaluation of preoperative chemotherapy in downstaging the primary breast tumor and involved axillary lymph nodes, the comparison of lumpectomy rates and rates of ipsilateral breast tumor recurrence (IBTR) in the two treatment groups, and the assessment of the correlation between primary tumor response and outcome. Initially published findings were based on a follow-up of 5 years; this report updates results through 9 years of follow-up. There continue to be no statistically significant overall differences in survival or DFS between the two treatment groups. Survival at 9 years is 70% in the postoperative group and 69% in the preoperative group (P = .80). DFS is 53% in postoperative patients and 55% in preoperative patients (P = .50). A statistically significant correlation persists between primary tumor response and outcome, and this correlation has become statistically stronger with longer follow-up. Patients assigned to preoperative chemotherapy received notably more lumpectomies than postoperative patients, especially among patients with tumors greater than 5 cm at study entry. Although the rate of IBTR was slightly higher in the preoperative group (10.7% versus 7.6%), this difference was not statistically significant. Marginally statistically significant treatment-byage interactions appear to be emerging for survival and DFS, suggesting that younger patients may benefit from preoperative therapy, whereas the reverse may be true for older patients.
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The rationale for testing preoperative (neoadjuvant) chemotherapy in the treatment of patients with operable breast cancer has evolved from preclinical (1, 2) and clinical (3) (4) (5) (6) (7) (8) (9) observations as well as from hypothetical considerations of tumor cell kinetics (10, 11) . Nonrandomized studies (12) (13) (14) (15) have demonstrated that preoperative chemotherapy administration results in substantial rates of clinical response but in generally low rates of pathologic complete response. By reducing primary tumor size, preoperative chemotherapy allowed some patients who otherwise would have required a mastectomy to undergo breastconserving procedures. Since nonrandomized studies could not evaluate the relative efficacy of preoperative versus postoperative chemotherapy on overall survival (OS) and disease-free survival (DFS), several randomized trials (16) (17) (18) (19) (20) (21) were implemented. Some of these trials (16, 17) , however, were not designed as direct comparisons of preoperative versus postoperative chemotherapy and, therefore, could not provide a definitive answer to the pivotal question of whether OS and DFS can be improved by administering chemotherapy before, rather than after, surgery.
In 1988, the National Surgical Adjuvant Breast and Bowel Project (NSABP) initiated a randomized trial (B-18) to compare preoperative and postoperative chemotherapy in patients with operable breast cancer. The primary aim was to determine whether preoperative chemotherapy would result in improved OS and DFS relative to the same chemotherapy administered postoperatively. Secondary aims were to evaluate the response of the primary breast tumor and involved lymph nodes to preoperative chemotherapy, to correlate that response with outcome, and to determine whether preoperative chemotherapy would result in increased rates of breast-conserving surgery and decreased rates of ipsilateral breast tumor recurrence (IBTR). Findings with respect to local and regional response (20) , 5-year outcome (21) , compliance, and toxicity (21) have been published previously. This report updates the outcome results through 9 years of follow-up.
PATIENTS AND METHODS

Eligibility and Treatment Assignment
Eligibility criteria and treatment have been described previously (20, 21) . In summary, eligible patients had operable, palpable breast cancer (T1-3 N0-1 M0) diagnosed by fine-needle aspiration or core needle biopsy; open biopsy was not permitted. After stratification according to age (ഛ49 or ജ50 years of age), clinical tumor size (ഛ2.0, 2.1-5.0, or >5.0 cm), and clinical lymph node status (negative or positive), patients were randomly assigned to receive either surgery (lumpectomy and axillary lymph node dissection or modified radical mastectomy) followed by four cycles of doxorubicin (60 mg/m 2 )/cyclophosphamide (600 mg/m 2 ) (AC) chemotherapy every 21 days or the same chemotherapy followed by surgery. Before randomization, surgeons were required to disclose the intended surgical procedure (lumpectomy or mastectomy) without considering the pos-sible downstaging effect of preoperative chemotherapy. Patients 50 years old or older received 10 mg tamoxifen orally twice a day for 5 years, starting after chemotherapy, regardless of hormone receptor status. Patients undergoing lumpectomies received breast irradiation, either after recovering from surgery (preoperative group) or after recovering from postoperative chemotherapy (postoperative group).
Accrual and Patient Characteristics
The study opened in October 1988 and closed in April 1993. Patient characteristics are summarized in Table 1 . Of the 1523 patients, 763 were randomly assigned to the preoperative chemotherapy group and 760 to the postoperative chemotherapy group. Twenty-one patients were declared ineligible (seven postoperative and 14 preoperative; these totals include one patient in each group determined to have been ineligible subsequent to the first report of outcome) (21) . Three of these patients had not given informed consent, six had advanced disease at the time of randomization, and three others were found to have had an open biopsy. The remaining nine cases were attributed to a variety of eligibility infractions.
Tumor Response
The primary tumor and axillary lymph nodes were clinically assessed before randomization. For patients receiving preoperative chemotherapy, breast tumor and lymph node measurements were also obtained both before each cycle of chemotherapy and before surgery. Preoperative patients were considered evaluable for response if they had received at least two cycles of preoperative chemotherapy, had bidimensional tumor measurements recorded at the beginning of cycle 1, and had at least one additional set of tumor measurements recorded after cycle 2. The absence of clinical evidence of tumor in the breast by physical examination was categorized as clinical complete response (cCR). A clinical partial response (cPR) was assigned if the product of the two largest perpendicular diameters of the breast tumor had decreased by 50% or more. Progressive disease (cP) was assigned if there was a 50% or greater increase in tumor size. Patients whose breast tumor did not meet the criteria for cCR, cPR, or cP were considered to have stable disease (cS). After surgery, patients achieving a cCR were assessed further for evidence of pathologic response. Patients with cCR were classified as pathologic complete responders (pCR) if there was no histologic evidence of invasive carcinoma on pathologic examination of the surgical specimen and as pathologic nonresponders (pINV) otherwise. These findings were those reported by the institutional pathologists.
Outcome Measures
OS was defined as the time from study entry to death from any cause. DFS was defined as the time from randomization to local, regional, or distant treatment failure; occurrence of contralateral breast cancer; other second primary cancer; or death without evidence of breast or second primary cancer. Patients who became inoperable before surgery or in whom the tumor could not be completely resected were counted as local treatment failures. Recurrence-free survival (RFS) was defined as the time from randomization to local, regional, or distant treatment failure. In the calculation of RFS, occurrences of contralateral breast cancer, other second primary cancers, and deaths without evidence of recurrence were treated as censoring events.
Statistical Methodology
Treatment comparisons included in this report were based on the cohort of eligible patients with follow-up. Substantively identical findings were obtained when ineligible patients also were included in the analyses. Patients were analyzed according to their assigned treatment regardless of compliance or crossover. Survival curves were estimated using the Kaplan-Meier method, and treatment comparisons were made using the logrank test stratified according to age, clinical lymph node status, and clinical tumor size as reported at randomization. The Cox proportional hazards model was used to compute relative risks (RRs) and 95% confidence intervals (CIs), to examine the effect of prognostic variables, and to test for interactions between treatment and covariates. Treatment comparison of rates of IBTR was based on the occurrence of IBTRs as first events. The MantelHaenszel approach was used to control for patient age and clinical tumor size and was based on the Poisson occurrences model.
In preoperative patients, correlation between primary tumor response and subsequent outcome is clinically relevant primarily because it might enable one to distinguish patients who, after surgery, had an excellent prognosis from those whose prognosis was poor and who, therefore, might be candidates for additional therapy. For this reason, in correlation analyses, the outcome variables OS, DFS, and RFS were measured from the date of the surgery to the time of the event, and the analyses were restricted to eligible preoperative patients who were evaluable for response, had undergone surgery, and were clinically free of dis- ease as of the date of surgery. Of 682 such patients, 247 (36%) had primary tumor responses that were classified as cCR, 295 (43%) were cPR, 118 (17%) were cS, and 22 (3%) were cP. Because few patients experienced cP, the cS and cP categories were combined in these analyses. Patients in the combined category are referred to as clinical nonresponders (cNR). Statistical tests of association between clinical tumor response and outcome variables assumed an ordinal relationship between response categories. The tests were obtained by computing a response score for each patient (1 ‫ס‬ cCR, 2 ‫ס‬ cPR, and 3 ‫ס‬ cNR) and introducing this score as a covariate in Cox proportional hazards models.
Of the 247 patients with complete clinical responses, 88 (13% of 682) were further classified in terms of pathologic response as pCR, and 159 (23% of 682) were pINV. Tests for association between overall primary tumor response and outcome variables were obtained by assigning an ordinal response score to each patient (1 ‫ס‬ pCR, 2 ‫ס‬ pINV, 3 ‫ס‬ cPR, and 4 ‫ס‬ cNR) and introducing this score into a proportional hazards model. Tests for association were carried out both ignoring and controlling for other prognostic variables.
Results presented here are based on data received at the NSABP Biostatistical Center as of June 30, 2000. The mean time on study is 9.5 years. All P values are two-sided.
RESULTS
Survival
There have been 218 deaths in the postoperative group and 221 in the preoperative group. There continues to be no statistically significant difference in survival between the two groups (P ‫ס‬ .80; RR ‫ס‬ 1.02; 95% CI ‫ס‬ 0.84 to 1.21). The 5-year survival was 81% in the postoperative group and 80% in the preoperative group. The 9-year survival was 70% in postoperative patients and 69% in preoperative patients (Fig. 1) .
Disease-Free Survival
There have been 338 events in the postoperative group and 323 in the preoperative group. There was no difference in DFS between the two groups (P ‫ס‬ .50; RR ‫ס‬ 0.95; 95% CI ‫ס‬ 0.88 to 1.10). The 5-year DFS was 67% for both treatment groups. The 9-year DFS was 53% in the postoperative group and 55% in the preoperative group (Fig. 1) .
First Reported Sites of Treatment Failure
As has been reported through 5 years of follow-up, there continue to be no statistically significant differences in the rates of treatment failure at any specific site (Table 2) 
patients who underwent lumpectomy in the postoperative group and 54 (10.7%) among 503 such patients in the preoperative group. There was a strong correlation between age and rate of IBTR (P ‫ס‬ .00003), with higher IBTR rates in women less than 50 years of age (13.1%) when compared with the rates of those 50 years of age or over (5.2%) ( Table 3 ). Of note is the fact that women 50 years of age or older at randomization received tamoxifen, whereas those under 50 years of age did not. Clinical tumor size did not appear to correlate with the rate of IBTR (P ‫ס‬ .59; Table 3 ). Although patients with a complete pathologic response (pCR) appeared to have a somewhat lower rate of IBTR than the remaining patients, the association between primary tumor response and IBTR rate was not statistically significant (P ‫ס‬ .12; Table 3 ).
A marginally statistically significant increase (P ‫ס‬ .04) was reported initially in the rate of IBTR found in patients who were converted from proposed mastectomy to lumpectomy after preoperative chemotherapy when compared with those patients who had a lumpectomy as initially planned before randomization (21) . This trend persists through 9 years of follow-up. The rate of IBTR is 11/69 (15.9%) in preoperative patients downstaged to lumpectomies, as compared with 43/434 (9.9%) in preoperative patients who received lumpectomies as originally planned. The difference, however, is explained partially by corresponding differences between the age distribution of downstaged patients to that of patients having lumpectomies as planned and is no longer statistically significant after controlling for patient age and initial clinical tumor sizes (P ‫ס‬ .14).
Subset Analyses
There was no evidence for treatment-by-covariate interaction for either clinical lymph node status or clinical tumor size. Treatment-by-age interaction, however, was marginally statistically significant for both OS and DSF (P ‫ס‬ .04 for OS; P ‫ס‬ .053 for DFS). In women 49 years old or younger, there appeared to be an advantage for preoperative chemotherapy; at 9 years of follow-up, OS was 71% versus 65% and DFS was 55% versus 46% in favor of patients treated with preoperative chemotherapy. Conversely, in women 50 years old or older, there seemed to be an advantage in favor of postoperative chemotherapy; at 9 years of follow-up, OS was 75% versus 67% and DFS was 60% versus 56% in favor of postoperative chemotherapy. Within either age group, however, the preoperative versus postoperative treatment comparison did not achieve statistical significance for either OS or DSF (in younger women, RR ‫ס‬ 0.85 and P ‫ס‬ .22 for OS and RR ‫ס‬ 0.85 and P ‫ס‬ .11 for DFS; in older women, RR ‫ס‬ 1.28 and P ‫ס‬ .08 for OS and RR ‫ס‬ 1.09 and P ‫ס‬ .44 for DFS).
Association Between Clinical Response and Outcome
Patients in the preoperative chemotherapy group were categorized according to clinical response (cCR, cPR, or cNR). Through 9 years of follow-up, there continues to be an apparent association between clinical response and outcome. This association now has become statistically significant not only for DFS and RFS (as was the case through 5 years of follow-up) but also for OS (OS: P ‫ס‬ .005; DFS: P ‫ס‬ .0008; RFS: P ‫ס‬ .0002). OS at 9 years was 78% in patients with cCR, 67% in patients with cPR, and 65% in those with cNR. The rates of DFS were 64%, 54%, and 46%, respectively. The statistically significant association between clinical response and outcome persisted after adjustment for clinical tumor size at randomization, clinical lymph node status, and age at randomization (OS: P ‫ס‬ .04; DFS: P ‫ס‬ .004; RFS: P ‫ס‬ .0008).
Association Between Pathologic Response and Outcome
Similar to the results through 5 years of follow-up, the outcome for patients who achieved a pCR continues to be superior to that of those with a cCR with residual invasive cancer on pathologic examination (pINV) or to those patients failing to achieve a cCR (Fig. 2) . At 9 years, the OS rate for patients achieving a pCR was 85% as compared with 73% for patients with pINV. For DFS, the respective rates were 75% and 58%. Overall primary tumor response graded as pCR, pINV, cPR, or cNR was strongly associated with all outcome measures (OS: P ‫ס‬ .0008; DFS: P ‫ס‬ .00005; RFS: P ‫ס‬ .0002). These associations persisted after adjustment for clinical tumor size at randomization, clinical lymph node status, and age at randomization (OS: P ‫ס‬ .006; DFS: P ‫ס‬ .0004; RFS: P ‫ס‬ .00006). After adjustment for the other prognostic variables, patients with pCR had a 50% reduction in the risk of death when compared with the group as a whole (RR ‫ס‬ 0.50; 95% CI ‫ס‬ 0.32 to 0.78), those with pINV had an 8% increase (RR ‫ס‬ 1.08; 95% CI ‫ס‬ 0.81 to 1.42), those with cPR had a 28% increase (RR ‫ס‬ 1.28; 95% CI ‫ס‬ 1.01 to 1.62), and those with cNR had a 45% increase (RR ‫ס‬ 1.45; 95% CI ‫ס‬ 1.11 to 1.90).
Prognostic Importance of Primary Tumor Response After Controlling for Pathologic Lymph Node Status
As expected, pathologic lymph node status was a strong predictor of outcome in both preoperative and postoperative patients (P<.0001 for OS, DFS, and RFS in either cohort). In patients treated with preoperative chemotherapy, the resulting pathologic lymph node status was also, not surprisingly, related to primary tumor response. The Spearman correlation between the number of involved lymph nodes and primary tumor response (pCR, pINV, cPR, or cNR) was 0.22 (P<.0001). To provide a formal test of the hypothesis that primary tumor response contributes prognostic information beyond that provided by pathologic lymph node status, proportional hazards models were fitted to the preoperative cohort, including a score variable representing primary tumor response after stratifying for pathologic lymph node status (0, 1-3, or ജ4). Results demonstrated that primary tumor response does contribute additional prognostic information over and above pathologic lymph node status (OS: P ‫ס‬ .06; DFS: P ‫ס‬ .006; RFS: P ‫ס‬ .004). Conversely, pathologic lymph node status was also strongly prognostic even after controlling for primary tumor response (P<.0001 for OS, DFS, and RFS).
DISCUSSION
The mature results of the B-18 trial presented here continue to support the conclusions of previous reports (21) . They demonstrate that, through 9 years of follow-up, the outcome for patients treated with preoperative chemotherapy is similar to the outcome for those treated with standard adjuvant chemotherapy. These results do not support the Goldie-Coldman hypothesis, which proposes that, as a tumor cell population increases, an ever-expanding number of drug-resistant phenotypic variants arises that are more difficult to eradicate with chemotherapy.
Two smaller European trials (16, 17 ) that compared preoperative with postoperative chemotherapy had outcome results discordant with those of B-18. These trials demonstrated a survival advantage for preoperative chemotherapy with no differences in DFS. In both trial designs, however, there were imbalances in the systemic and local therapy administered to the two groups. Although all patients in the preoperative chemotherapy group received chemotherapy, only lymph node-positive patients did so in the postoperative chemotherapy group. Similarly, more patients received surgery in the postoperative chemotherapy group than in the preoperative chemotherapy group, with a resulting increase in the rate of local recurrence in the latter. The outcome results of another trial (19) , conducted at the Royal Marsden Hospital in England, were similar to our results. In that trial, a total of 309 patients were randomly assigned either to receive four preoperative cycles of chemoendocrine therapy followed by four postoperative cycles of the same therapy or to receive all eight cycles of therapy postoperatively. At a median follow-up of 48 months, there were no statistically significant differences between the two groups in terms of local relapse, metastatic relapse, or OS.
Study B-18 continues to demonstrate a statistically significant association between clinical/pathologic tumor response to preoperative chemotherapy and long-term outcome. This association does not support the Skipper concept, in which the response of a primary tumor to chemotherapy may not necessarily reflect the response of micrometastatic disease. Furthermore, it suggests that the underlying biologic factors required for pathologic complete response may also confer true chemosensitivity to micrometastatic disease, allowing long-term improvement in outcome as opposed to a temporary delay in recurrence. This is in contrast to the metastatic disease setting, where cCR generally results in only temporary prolongation in time to progression.
As reported previously (20) , administration of preoperative chemotherapy resulted in statistically significantly more lumpectomies, particularly among patients with tumors greater than 5 cm in diameter at randomization. This was accompanied by a statistically nonsignificant increase in the rate of IBTR (10.7% in the preoperative chemotherapy group versus 7.6% in the postoperative chemotherapy group). This can be attributed partially to the fact that the former group contained some downstaged patients who may have been at higher risk for local recurrence irrespective of the assigned treatment arm. Although, in the present report, IBTR rates were not statistically significantly associated with the initial clinical tumor size, the rates were somewhat higher in patients for whom a mastectomy was planned at the time of randomization but for whom a lumpectomy was performed after preoperative chemotherapy (15.9%), as opposed to those for whom a lumpectomy was planned from the beginning (9.9%).
The noted increase in IBTR rates in patients under 50 years of age when compared with those in patients 50 years of age or older is not surprising. Younger patients generally have more aggressive disease than older patients; this results in a higher rate of local and systemic recurrence. But even so, the largest part of the difference probably is caused by the inherent design of the study, whereby tamoxifen was administered only to patients 50 years old or older at randomization, irrespective of estrogen receptor status. Randomized trials have shown convincingly that tamoxifen markedly reduces the rate of IBTR after lumpectomy and breast radiotherapy in both older and younger women (22) .
The observed marginally statistically significant interaction between treatment effect and age at randomization is enigmatic. In the B-18 data, patients under 50 years of age appeared to show a greater benefit from preoperative chemotherapy than from postoperative chemotherapy. In contrast, patients 50 years old or older appeared to benefit more from postoperative chemotherapy. The most likely explanation for these results is that they occurred by chance alone and that a true interaction between treatment and age does not exist. Alternatively, the overview analyses of the Early Breast Cancer Trialists' Collaborative Group (3) indicate that the effects of chemotherapy are most apparent in younger women, so it is not inconceivable that the benefit of preoperative chemotherapy relative to postoperative treatment could be age dependent as well. To the extent that younger patients present more often than older patients with estrogen receptor-negative tumors, this conjecture is consistent with a recent International Breast Cancer Study Group retrospective analysis (23) suggesting that there may be a preferential benefit to early initiation of adjuvant chemotherapy in premenopausal patients whose tumors do not express the estrogen receptor. Because of limitations on the assay of hormone receptors in the early years of the B-18 study, data are not available to address this issue. In any case, although intriguing explanations and hypotheses may be invoked, until additional data are forthcoming, the interpretation of the findings remains speculative.
On the basis of both the results presented here and those reported previously (20, 21) , preoperative chemotherapy can be used instead of postoperative adjuvant chemotherapy, and its use would be most appropriate for patients who wish to preserve their breasts but who have tumors too large for breastconserving surgery. Another potential advantage of preoperative chemotherapy is the resulting classification of patients in different categories of clinical and pathologic tumor response, which can be used as a prognostic factor for outcome and as a guideline for further locoregional and systemic therapy (24) .
The development of taxanes and the demonstration of their marked antitumor activity in patients with advanced breast cancer provided the opportunity to examine further some of the concepts that have emerged from the B-18 trial. The NSABP recently completed accrual to Protocol B-27, a randomized trial designed to determine whether the preoperative or postoperative administration of docetaxel after preoperative AC therapy will prolong OS and DFS rates when compared with four courses of preoperative AC therapy alone (25, 26) . Equally important are the secondary aims of this trial, which are to determine whether the administration of preoperative docetaxel after preoperative AC therapy will further increase the clinical and pathologic response rates of primary breast tumors, whether it will result in further axillary lymph node downstaging, and whether it will increase the use of lumpectomy. A comparison of the group receiving postoperative docetaxel after preoperative AC therapy with the group receiving preoperative AC alone will identify whether any improvement in outcome will be evident in subgroups of patients, i.e., in patients with residual positive lymph nodes after preoperative AC. Two ancillary studies to the B-27 trial evaluate serum and tumor biomarkers as they relate to outcome and response to preoperative AC and/or docetaxel chemotherapy. Thus, it will be possible, using the collected materials, to evaluate the prognostic and predictive value of a panel of biomarkers, including HER2, p53, p-glycoprotein, bcl-2 Ki67, and array-based comparative genomic hybridization.
Perhaps the greatest potential of preoperative adjuvant therapy is yet to be realized. This is a unique setting in which the tumor is readily accessible while the patient is undergoing treatment. Thus, a potentially powerful tool could become available whereby molecularly characterized tumor discriminants could be correlated with the efficacy of preoperative adjuvant treatment and, more importantly, with subsequent survival. Although it is premature to suggest that objective tumor regression during the course of adjuvant therapy is a definitive surrogate marker for eventual patient outcome, the data for NSABP Protocol B-18 suggest that this is a distinct possibility.
